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lntroduction
Project summary

Monkfish, unlike most other finfish, have a scaleless skin that is slippery and a
large head tapering to a narrow tail. They reside on the ocean floor and can be
found from inshore waters out to 435 fathoms (Richards, 2000). An exploratory
analysis of selectivity patterns of trawls and scallop dredges was performed for
the SARC 31. In addition, the NMFS 2001 Cooperative Goosefish Survey
included video camera observations of trawling to evaluate the catchability of
monkfish by the three difbrent nets used in the cooperative survey (standard
trawl gear). These videos showed no escape responses by the monkfish or
herding behavior in response to the gear. The monkfish flip up into the water
column when hit by the tickler chain and drift passively into the net (NEFSC,
2002). We aimed at expanding on this work by designing and testing gear that
will reduce by-catch of both groundfish and undersize monkfish

The goal of this project was to collect observer-based data for use by the
NEFMC and the NMFS to determine whether seasonal access to a specific area
in the monkfish NFMA can be allowed using trawl gear designed to minimize the
bycatch of groundfish and small monkfish, and to minimize the impact of
monkfish trawl gear on groundfish habitat.

Purpose

Monkfish, also know as goosefish or angler (Lophius amicanus), saw a steady
increase in landings fiom the late 1980s and early 1990s. Landings since 1993
have fluctuated near 26,000 mt (NEFSC, 2002). Trawls, scallop dredges and
gillnets are the primary gear types used to catch monkfish, with trawl gear
landing about 75% of total landings (NEFMC,2001).

Beginning in January 2000, the New England and Mid-Atlantic Fishery
Management Councils (NEFMC and MAFMC) have jointly managed the
monkfish fishery, with the New England Management Council having lead
authority. The first ftamework adjustment to the Monkfish Fishery Management
Plan (FMP) was completed in February 2OO2and specified optimum yield (OY)

and management area catch targets (l-AC) for Year 4 of the rebuilding plan,

starting May 1 , 2002 (NEFMC, 2002). ln Framework 1 to the FMP, the Councils
recommended delaying the default measures that would have eliminated the
directed monkfish fishery and reduced incidental catch limits.

The vast majority of monkfish limited access permit holders also possess
multispecies or scallop limited access permils. Current gear restrictions for
monkfish differ between permit categories and are based on the type of gear and
the other permits the vessel possesses. lf fishing on a multispecies DAS, a trawl
net must have the minimum mesh size allowed under for under the NE



Multispecies FMP, currently 6.5 inch diamond or 6.5 inch square. However,
gillnets fishing on a monkfish DAS and trawl nets on a monkfish DAS only (not
combined with a scallop or multispecies DAS), have minimum mesh size of 10-
inch diamond mesh and 'tO-inch square 112-inch diamond, respectively (50 CFR
Part 648.91). The current minimum size for monkfish tails is 11 inches (28 cm)
and for whole monkfish is 17 inches (43 cm) within the northern region (Gulf of
Maine and northern Georyes Bank.) ln the southem region (southern Georges
Bank and Mid-Atlantic) the minimum sizes are 14 inches (35.5 fii) for monkfish
tails and 21 (53.5 cm) inches for whole monkfish.

The Monkfish SAFE Report for the FY 2001 (NEFMC, 2002), describes the
bycatch in the monkfish fishery in relation to trip type, i.e. 'directed' vs. 'non-
directed' and to gear used. In directed trips using trawl standard gear, discard of
monkfish accounted for 2Qo/o of all discarded species by weight. The discard ratio
(monkfish discarded/monkfish landed) was approximalely 25o/o. Most of these
discards were 'regulatory', i.e. individuals were below the minimum landing size.
ln non-directed trips, monkfish accounted for 6% of all discards by weight, but the
discard ratio was very high, equal to the amount landed. Interestingly, in directed
gill nets using meshes larger that 10", most monkfish discards were due to
damage from other fish, while discards in gill nets with meshes smaller than 10"
were due to size limits.

It is clear that the directed monkfish fishery is a lucrative and important fishery
(see Anon., 1997, 2000). lt is also clear that there is bycatch and discard of
undersized monkfish and other groundfish species in the fishery. In order to
maintain and improve the fishery there is a clear need to design and test fishing
gear that will reduce by-catch of both groundfish and undersize monkfish while
maintaining catch of target fish.



Project objectives:

1. Utilize up to 10 commercial muftispecies vessels to complete two
simuftaneous research trips;/month for 5 months with 'l00o/o observer
coverage.
Document and analyze the quantity and composition of catch and bycatch
of all species, both spatially and temporally.
Provide statistical analyses of the catch quantity and composition between
the conventional trawl gear and the experimental trawl gear used by
participating vessels.
Secure NOAA Fisheries approval to conduct an experimental fishery in
portions of the monkfish NFMA during the months of November through
March.
Provide a reoort to NEFMC and NOAA Fisheries with information
necessary to assess the feasibility of de-coupling monkfish and groundfish
DAS, and allowing seasonal access by monkfish trawl fishermen to the
proposed areas.

llethodology
Trawl Design

The first experimental net consisted of a large mesh body and extension, made
of 12" diamond meshes, to which a composite large mesh codend was attached.
The composite large mesh codend was made of a top panel of 8 1/2" square
mesh, and a bottom panel of 8 1/2" diamond mesh- This net was designed on the
basis of morphological measurements of monkfish made by the principle
investigators in other cooperative research projects. The aim was to design a
mesh size and shape which was able to harvest certain target species (in this
case monkfish) while releasing other species. The control net was an industry
standard 6" diamond body and a 6 %" diamond codend, as currently used in the
monkfish fishery.

Figure 1 shows the experimental net constructed for use in the pro1ect.

A second experimential net was tested in November 2004, made of 12" diamond
mesh with a 12" square mesh codend (Figure 2).

Approach

The experiment was designed to take place between the months of November
2003 through March 2004, for a total of 5 consecutive months. However,
because of delays imposed by permit and other scheduling issues, the first
sampling trips did not take place until March 2004. This was followed by an
interruption between April and October and sampling resumed in November

2.

?

4.

5.



2004. The boundaries of the exoerimental area were within the monkfish NFMA
(Figure 3).

In each month, two vessels sampled the area within the experimental
boundaries.
The study area was divided into 20 equal sized boxes, each box
measuring 180 square nautical miles. Boxes were sampled using both
vessels in a side by side fashion.
The number of boxes sampled in each month varied due to weather
conditions (see below for more details) and to permanent and rolling
ctosures.
One vessel used conventional trawl gear currently in use by vessels that
fish in the NFMA for monkfish on a groundfish DAS. The second vessel
towed the experimental gear, i.e. for the months of December, January
and February, a 12" diamond mesh net with a composite large mesh
codend; for the month of November, a 12" diamond mesh net with a 12"
souare mesh codend.
Tow length was standardized at 2 hours.
ln order to best utilize available time, fishing operated on a 24 hour basis.
The experimental protocol required that the two vessels entered the
experimental area at the same time and conducted parallel tows,
synchronizing time of shooting and hauling. Vessels then moved
sequentially ftom station to station.
The catch was weighed by species and all commercially important species
were measured, weighed, and all undersized fish returned to the sea
immediately after processing scientifi c information.
The targeted monkfish were kept at a size of 40 cm, all under this size
were weighed, measured and released.
Underwater camera work was conducted on both the experimental large
mesh and control trawl. Particular hauls on which video took place was
dependant on natural light, depth, sea conditions and available setup time.

It is important to note that the second leg of the project started in November
2004. In the time period when the net was not in use, it was kept in a
commercial storage facility in Portland Maine along with other commercial nets.
During Novembe( 2004, a different net was delivered to the vessel by mistake
and this was not immediately realized by the fishing vessel's crew or scientific
staff. At the time this mistake was revealed, the vessels had already started
sampling and it was impossible to rectifr the mistake. As a result, the
experimental net used in this survey month was different than that used in all
survey months, with a codend made of 12" square meshes, rather than 8 %"

square meshes.



Throughout the project, boxes 4 and 5 were not surveyed because of their
position inside Cashes Ledge permanent closure. Table 1 details the fishing
vessels used and which boxes were surveyed in each month. Figure 4 shows
monthly maps of the boxes surveyed. The variability of boxes surveyed between
months is due in part to severe weather conditions and in part to unfishable
areas along the eastern edge of the survey area, which made it impossible for
some vessels to safely sample the area.

Table 1 Monthly breakdown of vessels used and boxes completed.

Trip and Haul Info

Table 2 shows the location (block number and coordinates), timing,
characteristics (depth, tow speed, wire out), total weight, as well as discard and
kept weights, and Catch Per Unit Effort (CPUE) for each haul. Since the
November trip utilized an experimental net with a codend made of larger meshes
than in the other trips, the data from November are kept separate from data from
the other kips. Also, please note that the very last haul in the experimental
treatment in February, shown in italics, had to be considered invalid because the
catch included a large boulder (total estimated weight 3000 lbs).

At the boftom of each subsection of Table 2, basic descriptive statistics illustrate
that the experimental net caught consistently less than the control net
(approximately 32o/o of lhe control net total catch in November and 37% in the
other months). In November, the bycatch rate for the experimental codend was
8olo ofthe total catch, compared to 29% in the control codend. In the other
months the bycatch rate was similar between the control and the experimental
net. around 18% of the total catch.

The weight of the catch was variable between hauls, for kept and discard, in both
control and exoerimental treatments as is to be expected due to variability in

distribution of fish both spatially and temporally. There were also obvious
differences between trips again due to variability in diskibution of fish.

Table 3 shows the weight, in pounds, for each species haul by haul, and the
mean weight for each species in all hauls pooled together. Haul by haul discard

Survey Month FIV Gontrol FIV Experimental Boxes Sampled

March 2004 Titan Theresa & Alyson 1-3,6-10
November 2004 Krsten Lee Bethany Jean 1.2.6-15, 18-19
December 2004 Julie D Jamie & Ashlev o, 11-15, 17, 10

Januarv 2005 Capt'N Jake Olympia 1-3, 6-20
February 2005 Olympia Drake 1-3,6-19



and kept weights are also presented for each species. Table 3 comprises of four
separate sub-tables, one for each month. lt is immediately obvious that, in all
months, the experimental treatment catches nearly exclusively monkfish, with
minimal bycatch, compared to the control nett.

Table 4 shows the number of individuals caught for each of the commercially
important species, haul by haul. Total numbers and mean/per haul are also
presented for all hauls pooled together. Table 4 comprises of four separate sub-
tables, one for each month. The same observations done for the weights in table
3 apply to the numbers in table 4. In addition, it is also interesting to note that the
monthly number of monkfish caught in November and December was
considerably lower than that the monthly number in January and February.

Results
Total Catch Analysis

The control net caught, kept and discarded significantly more fish (t-test p<.05) in

terms of both weight and number of individuals, than the experimental trawl.
Table 5 displays the average catch by weight and number, for each month and
for pooled data. Figure 5 displays the total catch, kept catch, discarded catch for
the control and experimental net by weight. lt is important to note that the pooled
data does not include the month of November as the experimental gear had
different characteristics from the experimental gear used in the other months.
Table 6 displays the results of the ltests comparing the control net catch to the
experimental net catch for each month and for pooled data.

Gatch Composition Analysis

The control net caught more non-target species (65%) than the experimental net
(27o/o). Fgure 6 displays the catch by species for both the control and
experimental nets. Monkfish accounted for the majority of the catch for the
experimental gear (73%). Roundfish accounted for the majority of the catch for
the control gear (360/o). The large catch of roundfish is mainly aftributable to the
large catch of white hake. Monkfish still accounted for a large percentage of the
control net catch (35%). Figure 7 displays the composition of the catch by
category (flatfish, roundfish, monkfish, skates, invertebrates, white-sided dolphin,
debris and other) for a) the total catch b) the kept catch and c) the discarded
catch. Monkfish made up 83o/o of the kept catch for the experimental net, and
only 40olo of the kept catch for the control net. Further, monkfish accounted for
only 6% of the discarded catch for the experimental net, while they accounted for

I 
Please note that the large boulder caught in the net during haul 17, in trip D05M39 has

not been included in the calculations, and this haul is not considered valid, so it will
removed lrom the final analvsis.



I 5% of the discarded catch for the control net. The composition of the catch
indicates the exoerimental net was more selective for monkfish than the control
net.

ilonkfish Gatch Analysis

The control net caught, kept and discarded significantly more monkish than the
experimental net (Table 6). Figure 8 displays the monkfish catch by weight
according to the experimental and control nets.

Although the control net caught significantly more monkfish, a greater proportion
of the monkfish catch was undersized and discarded. Figure 9 displays the
composition of the monkfish catch according to disposition (kept and discard) for
the control and experimental trawls. A total of8% of the monkfish catch was
discarded for the control trawls while only 1o/o of the monkfish catch was
discarded for the experimental gear. The experimental gear used in November
had similar results, with the discarded monkfish accounting for 1% of its total
monkfish catch.

The control and experimental net sampled different populations of monkfish,
size-range wise. Figure 10 displays the monkfish length frequency distribution
for the control vs- experimental net. The Kolmogorv-Smirnoff Two-Sample test
indicated the length frequency distributions for the control and experimental
trawls were significantly different. The experimental gear catches fewer fish, but
almost all fish caught are marketable, while the control net catches more
monkfish, 15% of which were undersize. However, there appears to be a sizable
number of fish of marketable size that are caught in the control net but not in the
experimental net, in lengths ranging from 40 to 54 cm.

Behavioral ohservations

Wlrere practicable, underwater video cameras were placed in the net to
determine that the nets were rigged and fishing correclly, to observe reaction
behavior of fish species and to attempt to assess habitat impact. The overall
quality of the images, where any images were recorded, is generally poor due to
the lack of ambient underwater illumination and poor underwater visibility. This
was exacerbated by the depth of the fishing grounds. However, some video
footage was obtained and this enabled the investigators to determine that both
the experimental and control nets were fishing correctly. However, images are so
indistinct it is not possible to make any determination regarding habitat impact-

At the outset ofthe program the Cooperative Research Partners Program
(CRPP) requested an increased scope of work from the researchers to enable
visual identification of habitat type. At that time it was clear that additional



equipment would be needed to address the increased scope of work. Manomet
Center for Conservation Sciences requested additional funding (approximately
$20k) for purchase of an ROV system. Initially, Manomet was led to believe this
may be feasible but ultimately no additional funding was secured. Manomet
attempted to address the increased scope of work with undenrvater video
equipment that was limited in its utility. Manomet attempted to film both the net
and its impact during two initial trips but the equipment proved inadequate and no
useable footage was obtained. Ultimately the equipment suffered catastrophic
failure. At that point Manomet explored additional options including lease/loan of
more sophisticated fixed camera systems.

A number of options were explored without success before Dr Pingguo He of the
University of New Hampshire agreed to loan his stand-alone fixed camera
system. Dr. He kindly also provided training for Manomet staff in the use and
operation of the equipment. This system was utilized on the final two trips.
Despite this more sophisticated equipment, the video footage proved
unsatisfactory for any meaningful analysis. Fishing operations were conducted in
deep water where there was insufficient ambient light to view the footrope from
the headrope. Ancillary lighting was subsequently used but backscafter fiom
particulate matter reduced images to either a blurred or washed-out state.
Mounting the equipment on the footrope of the net may have produced useable
images but Manomet staff did not feel comfortable mounting this on-loan
equipment on the footrope as the risk of severe damage was considered too
great. Despite extensive frame-by-frame analysis of the existing videotape,
including video enhancement and color and brightness manipulation, the
videotape yielded little or no useable data. This is certainly the most
disappointing, unsatisfactory and frustrating aspect of the entire project but
something that was out of the control of the scientific staff.

The fishing data shows a significant reduction in impact on non-target stocks and
on the target species monkfish. This however is not a compelling argument
without quantification of reduction of impact on the substrate. lt was certainly the
intent of the staff involved in the project to be able to make such a determination.
In the absence of quantifed analyses of difierential habitat impact between the
two nets, at best it is possible to make the following statements: 1) The
experimental net has significantly less netting than the control net which results
in less drag, less weight and therefore (for equivalent fishing effort) less potential
impact on the habitat. 2) The experimental net will also require less weight in the
doors with a subsequent reduction in habitat impact.

Despite these assumptions, the data do not support any recommendation other
than the demonstrable and consistent reduction in bycatch and discard of both
target (monkfish) and non-target species.



Discussion

The large mesh trawl gear tested in this study was found to minimize the bycatch
of groundfish and small monkfish. The experimental gear caught significantly
less non-target species than the control net. In addition, the experimental gear
caught, kept and discarded significantly less monkfish than the control gear.
Despite catching less monkfish than the control gear, the majority of the monkfish
caught by the experimental gear were of legal size.

The results from this study suggest that the experimental net was able to
successfully target commercially viable monkfish, without the bycatch of non-
target species and undersize monkfish. Although the large mesh experimental
gear was able to catch mainly marketable monkfish, it appears to miss a sizable
number of smaller marketable monkfish, in the 40-54 cm range.

The results of the study reported here suggest that a targeted commercial fshery
could be built around the use of a large mesh trawl. Such a net could be used to
target large monkfish with little to no bycatch or discard of groundfish or
undersize monkfish. The use of a large mesh net would also be economically
justifiable, as it would cut down on the labor and deck time needed in sorting
catch from bycatch. Furthermore, it is reasonable to assume that the larger
mesh trawl would also consume less fuel per tow. This is attributed, in part, to
the larger mesh net being lighter than the control net, but also due to reduction in
drag and water resistance that results ftom less twine being pulled through the
water.

The study reported here did not seek to quantiry the degree of, or difference in

habitat impact by the control and experimental nets. Therefore we do not make
any statement regarding whether habitat is impacted to a greater or lesser extent
between the two nets. However, as the experimental trawl is lighter than
standard gear, it is intuitive that there will be a somewhat reduced impact on the
boftom.

In this project we have shown that a large mesh trawl can successfully reduce
the bycatch of undersized monkfish and non-target species. By using
morphological measurements to design a mesh size and shape which is able to
harvest certain species while dismissing others is a viable option to increase
selectivity within the trawl fleet while pursuing a directed monkfish fishery.



Findings
a) actual accomplishments and findings

This study designed a large mesh bottom trawl to reduce bycatch of non target
species and undersized monkfish, and tested it at sea on commercial vessels.
The experimental trawl consisted of a large mesh body and extension, made of
12" diamond meshes, to which a composite large mesh codend was attached.
The composite large mesh codend was made of a top panel of 8 112" square
mesh, and a boftom panel of 8 'l12" diamond mesh. This configuration was then
tested opposite the standard mesh requirement trawl. This experimental trawl
successfully reduced the bycatch of undersized monkfish: only 67o of the
discarded catch for the experimental net, whib they accounted for 15% ofthe
discarded catch for the control net.

The experimental trawl successfully demonstrated the ability to reduce the
amount of non-target species which were found in the control net. The control
net caught significantly more non-target species (65%) than the experimental net
(27o ).

In general, the presence of the large mesh trawl greatly reduced bycatch of
undersized monkfish and non target species when compared to a regulated
control net.

b) significant problems and description of need for additional work
The most significant problem encountered during the project was the use a
different large mesh trawl during the month of November, 2004. As a result, we
were not able to include this data in the pooled results and had to consider it as a
separate treatment.

A second problem centers on the time of year in which the study took place.
Due to inclement weather, we were not able to sample all of the boxes during the
available time oeriod allotted. This diminished the amount of data that was
collected during specific months of field work. Weather remains one of the great
challenges in collecting viable data during certain seasons and draws attention to
a recurring problem in cooperative research programs, namely limits on number
of hauls and maximum number of days at sea imposed by significant weather
conditions.

Lastly, during the month of March, 20(X the rolling closure prohibited access into
the lower half of the study area. This compounded by the permanent Cashes
Ledge closure posed significant restrictions on data collections.

One of the subsidiary goals of the project was to observe and potentially
characterize degree of impact by each of the nets under study. In order to
achieve this, the principal investigators requested funding to purchase a remotely
operated vehicle for the purposes of obtaining high quality underwater images-
Funding for this equipment was not secured thereby requiring the investigators to



utilize existing, less capable underwater video equipment. This equipment was of
limited utility at fishing depths of 90 - 150 fathoms. Despite these limitations,
sufficient video footage was obtained to determine that the nets were fishing and
rigged conectly and to re-afiirm results from other studies that show non-reaction
of monkfish to approaching trawls gears under these dimly lit, low contrast
conditions.

Evaluation

The project was conducted with only minor changes made to the goals and
objectives and we believe that important goals for this project were met. A total
of 9 different commercial vessels carried out paired trips to complete research
during the 5 month study period. Data was successfully collected during the 5
months providing a comprehensive comparison of the experimental trawl versus
the conventional trawl in terms of catchability. The new fishing gear design has
potential to reduce bycatch and discard of undersized monkfish and other non
target species in the New England monkfish fishery but retention of marketable
sized monkfish was also slightly reduced.

Results of this study can be presented to appropriate staff members of the New
England Fisheries Management Council and all other interested groups on
request. lt is the intent of the principal investigators to prepare the results as a
short communication for peer reviewed scientffic publication- The final report will
be posted as a PDF file on the World \Mde lA/eb siles of the NOAA Fisheries
Cooperative Research Partners Program and Manomet Center for Conservation
Sciences. All participants in the program of research will obtain a hard copy of
the final report and hard copies will be made available to all interested parties
who do not have access to the World Wide Web.
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Table 5a

Total Catch

March
November
December
January
February

Monfkfish Catch

March
November
December
January
February

Total Number of

1474
236
490
691

1095

Monktish

Average catch by weight (lbs.) and number for each month.

392
68
102
212
209

765
87
108
196
348

469
102
104
494
459

50
23
31
6.i

4'l

1044
185
387
462

1041

548
YZ

147
287
288

o
0
1

1

108
2

^

16

544
15
zo
185
'105

657
86
105
182
346

502
70

116
236
248

386
68
101
211
203

444
'l02
101

481
435

358
51

100
220
62

March
November
December
January
February

,I E??

188
143
701
1094

989
173
117

899

25
0

,l?

24

Total Kept Discard
Control IExoerimental Control I Exoerimental Control I Exoerimental

Total Kept Discard
Control lExperimental Control lExoerimental Control lExoerimental
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Figure 1 Experimental trawl used in the months, December, January, February
and March.
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Figure 2 Experimental trawl used in November.
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